Introduction
ANL has completed a conjeptual design for a 4 GeV CW electron microtron.
The design has three linac sections and three dispersive straight sections. Six 600 sector bending magnets separate the linac and dispersion straight sections. A magnetic optical system has been designed within the dispersive straight sections to contain the beam.
The long linac sections required for CW operation cause high sensitivity of the beam orbit to tolerance errors in the sector magnets and magnetic optical elements.
The present analysis shows that orbit displacements due to random errors can be kept within an acceptable level with a relatively simple feedback control system.
Algorithms for Calculating Equilibrium
Orbit Displacements
The algorithms that "were" used for the analysis considered field errors, alignment errors in the transverse position at the entrance face, and rotation around the chord connecting the entrance and exit points of the bending magnets and errors in the focal length, alignment errors in the transverse position, and rotation around the center of the quadrupoles. Figure 1 shows the location of the actual equilibrium orbit (EO) relative to the ideal EO in an unperturbed magnet and the ideal EO in a magnet frame that is translated by an amount Ax in the direction of the radius at the entrance face. Figure 2 shows the actual EO relative to the ideal EO and the ideal EO in a magnet frame that is rotated around the bisector of the chord connecting the entrance and exit points of the ideal EO. The Fig. 1 0018-9499/83/0800-3229$01.00©1983 IEEE EO PERTURBED FRAME where x and x' are the differences in position and angular direction between the actual and ideal EQ after exiting the sector bending magnet, x0 and x' 0 0 are the differences in position and angular direction between the actual and ideal EQ before entering the sector bending magnet, Ax is the displacement of the magnet in the direction of the radius, t is the rotation around the center of the chord connecting the entrance and exit points of the ideal EO, 0 is the bend angle in radians, r is the radius of curvature, el and e2 are the entrance and exit angles of the EQ relative the normal to the magnet face, Ap/p is the ratio of momentum error to the ideal momentum, and AB/B is the ratio of the field error to the ideal field.
Corrections for energy differences due to changes in path lengths in the bending magnet was incorporated in the program. The program could be started with any Ap/p and an incremental length 6) where Ay is the displacement of the magnet and other parameters are the same as for equations (1) and (2) .
The quadrupoles were treated as thin lenses in both horizontal and vertical planes, and the algorithms for both planes are identical; i.e., x = x0 + Lx', and (7) The magnetic fields in the correction magnets were less than 0.0135 T-m, which for a 3 cm long dipole is only 0.45 T.
As can be seen from Figs. 4 through 7, the undamped beam can grow to unacceptable displacements of I to 2 cm, but with damping can be controlled to within 2 or 3 mm and are kept to less than 1.5 mm in the linac regions. It's also apparent that no serious chromatic problems are generated by the damping system and that variations in measurement accuracy do not upset the operation of the damping system.
Computer runs with 3 times larger errors for AB/B, Ax, and £ are shown for the 220 to 535 MeV horizontal orbits in Fig. 8 
